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Virtual Reality Video Game 
Abstract 
The purpose of this study was to explore changes in visual 
performance following the use of a virtual reality video game: the 
Nintendo Virtual Boy. Twenty-nine children (ages 9-14, mean age 
11) underwent a visual testing battery before and after 30 minutes 
of play on the Nintendo Virtual Boy System. Simple t-tests showed 
an increase in accommodative and vergence facilities when 
comparing pre to post-play likely due to practice effects. 
Normative analysis displayed a trend of phoria shifts correlating to 
a decrease in compensating vergence ranges. Factor analysis 
reveals that some individuals are prone to undesirable short or long 
term visual changes. Subjects who are likely to experience changes 
are those with decreased ability to sustain accommodation, those 
who visually adapt to nearpoint stress, and those who spend 
excessive amounts of time using the virtual display. 
Introduction 
Virtual reality systems (particularly for video games) are becoming 
more common in American homes. The popularity of these systems 
combined with the growing interest in other uses of virtual reality 
makes Nintendo's product, the Virtual Boy, of interest. The Virtual 
Boy is a video game display system that is mounted on a table 
stand. A glare-free, 32-bit display screen allows the player to 
become immersed in the red 3-D environment. The 3-D world is 
created by "using a double screen, high resolution LED display."l By 
the time this study is finished, the Virtual Boy will undoubtedly 
appear to be antiquated due to the rate of technology changes. 
Nevertheless, the environment of these devices will surely be very 
similar in the near future. 
Although Virtual Boy is likely intended to be set for optical infinity, 
it has interpupilary distance and focus adjustments which could 
allow the player to erroneously set the instrument to require 
excessive accommodative and/or convergence effort. Erlich2 in his 
study on vergence adaptation and accommodative fatigue has 
shown that with near tasks performed by young normal subjects, 
1 
vergence adaptation occurs in order to decrease the stress of the 
task (the extent of adaptation depends upon the fusional demands 
of the task). Also, the fatigue impressed upon the accommodative 
system by the demands of the near task can carry over into 
successive distance viewing. Therefore, some of the issues 
concerning nearpoint stress may plague certain users of the Virtual 
Boy. 
In their study on the relationship of the near point of 
accommodation and contrast sensitivity with the use of a visual 
display unit (VDU), a decrease in NPA as well as transient myopia 
was shown to be significant following several hours of work on a 
VDU as measured by Gur and Ron.3 Interestingly, sustained 
accommodation following the use at short or long distances seem to 
contribute to the strain on the visual system. 
A study done by Mon-Williams, Wann, and Rushton4 using a virtual 
reality head-mounted display (HMD) was designed to explore visual 
changes associated with use. Results after only 10 minutes of 
exposure to the HMD showed relevant signs of induced binocular 
stress due to demands made on the accommodative/vergencence 
system. Thirteen out of 20 healthy young adults (mean age 25) 
experienced an esophoric shift of 1 prism diopter after a 10 minute 
exposure to the HMD. 
It can be postulated, therefore, that through a moderate amount of 
visual consumption of this game system, there may be a tendency 
towards undesirable changes in the visual system, whether they 
are short or long term in nature. The average consumer can 
purchase the Nintendo Virtual Boy without awareness of this unit's 
potential effects on vision. Although warnings regarding history of 
epilepsy and the possibility of visual discomfort are present in the 
instructions 1, little supportive research exists regarding specific 
effects of similar display systems on vision. More detailed 
warnings supplied by the manufacturer include: the Virtual Boy is 
not intended for children under the age of seven years, any feelings 
of dizziness, altered vision, eye or muscle twitching, involuntary 
movements, loss of awareness, disorientation , or convulsion are 
cause for immediate dicontinuation, and a 10 to 15 minute break 
every hour regardless of how the player feels should be 
implemented. 
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The purpose of this study is to explore the changes in visual 
performance after 30 minutes of play on a virtual reality video 
game: the Nintendo Virtual Boy. This will be accomplished by 
assessing several visual measures and utilizing a statistical method 
called "Factor Analysis" to identify visual trends. 
Methods 
Subjects 
Twenty-nine healthy children (mean age 11, range 9-14 years) 
attracted by the opportunity to play a virtual reality video game 
were screened for near visual acuities of 20/40 or better, 
stereoacuities of at least 40 arc seconds, and a negative history of 
epilepsy. Subjects who were ametropic wore their habitual optical 
corrections during a11 testing. 
General Procedure 
Subjects were fully informed as to the nature of the study and 
signed a subject consent form (Appendix A). Visual testing prior to 
30 minutes of play time on the Nintendo Virtual Boy system 
included: fixation disparity, MEM retinoscopy, NPC, accommodative 
facility, vergence facility, near phoria, positive and negative 
relative vergence ranges (PRY and NRV), and positive and negative 
relative acc01mnodative ranges (NRA and PRA). All subjects played 
the same game (Mario 3-D Tennis) and were all positioned comfor-
tably to play for the full 30 minutes with no breaks. Immediately 
after the 30 minutes of play time the same visual components (as 
mentioned above) were assessed. Subjects were also asked if they 
experienced any visual side effects such as headaches, asthenopia, 
dizziness, or diplopia during or after the playing time. The entire 
testing sequence lasted about one hour for each subject. 
Visual Assessment Techniques 
Standard protocols were used for all testing . Some testing variables 
of interest, however, are as follows: 
Stereopsis: Randot stereogram circles , 40cm 
MEM: Gr. 6 Welch Allyn Cards, 50cm 
Accommodative facility: ±2.00 , 3 20/60 letters/flip, one minute 
Vergence facility: 8 prism diopters, one minute 
Near phoria: standard dissociated, habitual near lenses, 20/20 target 
N R V /P R V: Bl/Bk/Rec with 20/20 target, habitual near lenses 
N RA/PRA: Bl/Rec with 20/20 target, habitual near lenses 
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Visual acuities were taken at near usmg a standard Snellen chart. 
Stereoacuities were assessed using the Randot Stereogram circles at 
40 em in good lighting. The interpupillary distance was measured 
in millimeters. A fixation disparity prism value was measured by 
using the Sheedy disparometer at 40 em. Monocular Estimation 
Method (MEM) was employed to assess accommodative lag. Near 
Point of Convergence (NPC) was tested by noting the points of break 
and recovery when following a target in towards the nose and out 
again, recorded in centimeters. Accommodative facility was tested 
by clearing letters through a ±2.00 diopter flipper bar and counting 
the number of cycles in one minute. A similar test was done for 
vergence facility, using 8 BilBO flippers and counting the number 
of cycles in one minute. In-phoropter tests included near phoria, 
positive and negative relative vergence ranges, binocular negative 
relative accommodation, and binocular positive relative 
accommodation. 
Statistical Analysis 
Data was examined using Normative analysis, simple t-tests, and 
Factor analysis. Factor analysis is a statistical method typica11y 
employed when large amounts and varying types of data are 
gathered. In essence, factor analysis derives as many trends 
(factors) as possible, and the researcher devises hypotheses to 
account for the trends revealed. Factor analysis will search for any 
"patterns" or "factors" in the data and will show the relative 
influence of each bit of data on this factor. It is the task of the 
statistician to interpret what trend or hypothesis these relative 
contributions describe. 
Results 
Results are based on 28 subjects, one subject was disregarded 
because she had vergence ranges greater 40 prism diopters 
(beyond measuring capabilities of the Risley prisms), therefore a 
definitive value for that measure could not be specified in the data 
analysis. 
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Comparison of Means 
Difference of 
Pre-play Post-play Means 
Test Mean S.D. Mean S.D. M2-M1 S.D. 
Fixation Disparity 0.83 2.24 1.00 1.74 0.28 1.98 
MEM 0.26 0.49 0.27 0.49 0.02 0.18 
NPC Break 3.34 3.98 3.24 3.49 -0 .10 2.29 
NPC Recovery 4.55 4.93 4.67 5.16 0.12 2.27 
Ace. Facility 9.86 3.62 11.53 3.53 1.67 2.94 
Verg. Facility 9.41 2.94 10.36 3.95 0.95 2.73 
Near Phoria -2.17 5.69 -2.57 5.51 -0.40 2.36 
PRV Blur 13.75 5.39 14.00 5.66 -0.41 4.52 
PRV Break 19.43 8.65 18.32 7.76 - 1.07 5.71 
PRV Recovery 8.46 8.92 8.39 8.60 -0 .07 4.48 
NRV Blur 11 .57 5.15 12.00 6.04 0.00 2.14 
NRV Break 15.83 5.46 15.72 5.17 -0.10 5.14 
NR V Recovery 11.72 5.44 9.93 5.03 -l. 79 5.85 
NRA lllur 2.55 0.76 2.46 0.68 -0.09 0.46 
NRA Recovery 2.29 0.63 2.17 0.67 -0 . 12 0.41 
PRA Blur -3.21 1.78 -3.43 1.98 -0 .22 0.99 
PRA Recovery -2.90 1.77 -3.17 1.94 -0.28 0.90 
In a simple companson of pre-play to post-play group means, 
accommodative facility and vergence faclility are the only two 
visual components showing statistically significant changes (p<.05). 
Interestingly, these show improvement. 
Normative Analysis 
Each subject's data was analyzed using Harold M. Haynes' 
Normative Analysis program (Normative Analysis 3.0) and then 
grouped according to what changes were exhibited. The most 
unique insight revealed by Normative Analysis is that either 
esophoria or exophoria shifts are associated with decreased 
compensating relative vergence recoveries. Although the subject 
pools in these two groups were rather small, the paired t-tests of 
change in phoria versus change in compensating fusional ability 
showed a significant link. 
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Paired t-tests: 
Catel!orv DF Mean X-Y Paired t Probabilitv 
Exo shift versus BO recoverv 8 
Eso shift versus Bl recovery 5 
Factor Analysis 
Unrotated Factors 
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 
FDdetta .360 . 140 -.293 -. 005 .804 
MEMde~a .258 .319 .753 .139 -.364 
NPCbkdena .674 - .213 -.071 -.621 .068 
NPCrecdelta .802 - .334 - .081 -.397 -. 223 
AcFacdelta . 153 -.828 -.097 .494 - .053 
VFacdelta .382 - .435 -.169 .504 .267 
PHdetta .417 .726 .180 - .137 - .216 
BObldelta .1 24 .724 .080 .533 . 10 6 
BObkdelta .523 .244 .716 . 195 . 155 
BOrecdel1a .518 .707 .213 -.280 .252 
Blbldelta .669 - .247 .519 .097 . 45 6 
Blbkdelta .537 - .324 .380 .402 - 309 
Blrecdelta .847 -.362 - .046 -.243 - . 164 
NRAbldelta .1 26 .877 - .366 .115 -.2 45 
NRArecdelta . 174 .908 - .335 .144 .069 
PRAbldelta .758 .028 -. 557 .258 - .2 t4 
PRArecdelta .736 .056 -.609 .215 -.1 48 
Oblique Solution Re1orance Structuro 
Factor t Factor 2 Factor 3 Factor 4 Factor 5 
FDdeNa 
MEMde~a 
NPCbkdelta 
NPCrecdelta 
AcFacdelta 
VFacdelta 
PHdeNa 
BObldetta 
BObkdelta 
BOrecdelta 
Blbldelta 
Blbkdelta 
Blrecdelta 
NRAbldelta 
N RArecdelta 
PRAbldelta 
PRArecdelta 
.083 
-. 062 
- .042 
.267 
.572 
.596 
-2.644E-5 
.271 
-8.841 E-5 
-. 181 
.078 
.491 
.367 
.261 
.206 
.859 
.821 
.130 
.298 
.020 
-.075 
-. 833 
- .449 
.BOt 
.604 
.205 
.765 
-. 240 
-.282 
-.131 
.908 
.900 
. 198 
.226 
- .011 .050 .889 
.770 -.033 -. 392 
-.006 .901 . 179 
. t 22 .878 - .085 
. t 33 -.0 43 -.042 
.235 -. 066 .334 
.327 . 147 -. t 34 
.398 - .573 . 14 7 
.908 .013 . 163 
.363 .246 .334 
.752 .273 . 487 
.675 . 110 -. 267 
.234 .781 -.0 25 
- .1 21 -.224 ·. 137 
-.046 -.2 78 .176 
.027 . 261 -.006 
-.036 .266 .062 
2.2) 3.8B .0033 
4.5 2.764 .0198 
Oblique Solution Primary Pattem Matrix 
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 
FDdelta 
MEMdeNa 
NPCbkdeNa 
NPCrecdelta 
AcFacdelta 
VFacdetta 
PHdeHa 
BObldelta 
BObkdetta 
BOrocdelta 
Blblde lta 
Blbkdelta 
Blrecdelta 
NRAbldeNa 
NRArecdetta 
PRAbldelta 
PRArecdelta 
.086 
-. 064 
- .043 
.276 
.591 
.615 
-2.731 E-5 
.280 
-9.1 32E-5 
-. 187 
.08 1 
.507 
.379 
.270 
.213 
.887 
.848 
Or1hogonoi Solution 
Factor 1 
FDdetta . 157 
MEMdetta - . 132 
NPCbkdetta .045 
NPCrecdelta .329 
AcFacdelta .537 
VFacdeNa .592 
PHdelta .0 14 
BObldelta .239 
BObkdetta -.040 
BOrecdelta - . 134 
Bibidelta .076 
Blbkdelta .437 
Blrecdelta .4 18 
NRAbldelta .286 
NRArecdelta .24t 
PRAbldelta .906 
PRArecdelta .880 
. 131 -. 011 . 051 .900 
.299 .763 -. 034 -.397 
.020 -.006 .920 .161 
-. 076 . 124 .897 - .086 
-.837 . 135 -.044 -.0 43 
-.451 .239 -. 088 .338 
.804 .333 .150 -. 136 
.607 .404 -.585 .149 
.206 .923 .013 .165 
.768 .369 .25 1 .338 
-. 241 .774 .279 .493 
-.283 .686 . 112 -.270 
-. 131 .238 .798 -.02 5 
.912 -.123 -.229 -.13 8 
.904 -.046 -.28 4 . t 78 
.199 .028 .267 -. 006 
.227 - .036 .271 .063 
Factor 2 Factor 3 Factor 4 Factor 5 
.1 57 - .037 .096 .906 
.281 .790 -.015 -. 408 
.041 .039 .919 .212 
-.050 . 152 .913 - .041 
-.816 .098 -.012 -.032 
- .423 .185 -. 026 .354 
.801 .336 .1 75 -. 118 
.606 .345 -. 524 . 149 
.204 .915 .0 64 . 152 
.771 .379 .2 81 .346 
- .225 .770 .333 . 486 
-.273 .662 .1 53 -. 255 
-.103 .252 .829 .018 
.9 14 -.157 -. 199 -. 108 
.910 -.087 - .242 .201 
.237 - .023 .338 .059 
.265 -.086 .340 .1 27 
a few This data package performs factor analysis m 
transformations, producing few tables of factors. 
the simplest, but least revealing method in this IS 
remaining 
Unrotated factors 
study. The 
3 tables reveal similar trends, but 
solution delineates these trends more clearly. 
refers to the Orthogonal Solution 
the Orthogonal 
The 
information 
than .200 contribution 
insignificant. 
table, 
be of a visual component to 
remammg 
considering 
essentially 
less 
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Factor analysis produced four viable factors (1, 2, 4, and 5), two of 
which demonstrate similar internal patterns (1 and 4 ). Although 
weighting in Factors 1 and 4 vary, they tend to describe the same 
visual process of decreased NPC, increased PRA, increased NRV blur, 
break, and recovery, and decreased PRY blur. Factor 2 
demonstrates increased NRA, increased accommodative lag, 
increased PRV blur, esophoric shift, and increased PRV break and 
recoveries. Factor 5 profiles eso shift of fixation disparity, 
increased NRV blur, decreased accommodative lag, increased PRV 
recoveries, and decreased NRV break. 
The elements of major contribution are few and seem to only have 
weak links to explainable visual changes. One could glean that with 
an increase in lag, there is a slight tendency for an esophore shift, 
and an increase in both PRY and NRV breaks and NRV blur, but 
only the lag and phoria seem to follow a particular pattern of stress 
induced changes. 
Subjective Reports 
One child reported a headache during play and five experienced 
symptoms of eye pain . One subject reported feeling dizzy while 
playing the Virtual Boy and three felt dizzy for a few moments 
immediately fo1lowing play. Two children encountered diplopia 
intermittently during play and one immediately following. Distance 
blur was experienced by one subject directly following play. 
Additionally, some subjects reported postural discomfort like neck 
and shoulder stiffness or pain. 
Conclusions 
The improvement in facility measures can be largely attributed to 
practice effects, therefore their impact in statistical analysis is not 
considered to be valid. 
The lack of statistical significance between before and after 
measurements is an inconclusive result. Given that our sample was 
relatively small to reveal subtle trends, and that the treatment was 
one thirty minute session, only marked changes would be revealed 
with this test design. The subtle trends indicated by normative 
analysis were statistically verified by t-tests in spite of the very 
small subgroups created. These analyses reveal that there are 
certain individuals who are susceptible to specific changes in visual 
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behavior (i.e., shifts in phorias corresponding with decreased 
compensating vergence recoveries). 
Factor Analysis proves to be a powerful and insightful tool for a 
study of this design. Factors 1 and 4 seem to exhibit a divergent 
shift in fusional abilities and increased PRA. The visual trends are 
decreased NPC, increased PRA, increased NRV blur, break, and 
recovery, and decreased PRV blur. These changes would likely 
occur m the average player. 
Factor 2 which demonstrates increased NRA, increased 
accommodative lag, increased PRV blur, esophoric shift, and 
increased PRV break and recoveries, shows changes that may be 
expected of an individual with poor accommodative sustaining 
ability. 
Eso shift of fixation disparity, increased NRV blur, decreased 
accommodative lag, increased PRV recoveries, and decreased NRV 
break profiles Factor 5 , and imitates the adaptations seen with 
nearpoint (or proximal) visual stress. According to Birnbaum5 
these adaptations may include skewed vergence and 
accommodative findings, increased esophoria, greater near 
exophoria, low PRA finding, and asthenopia with near work. 
Therefore, the person prone to nearpoint asthenopia may follow the 
patterns of Factor 5. 
In general, with this display format some individuals are shown to 
be susceptible to diliterious visual changes while others are not. 
Patients with decreased ability to sustain accommodation, those 
who visually adapt to nearpoint stress, and those who spend 
excessive amounts of time using the virtual display may manifest 
negative short or long term visual changes. A suggested follow-up 
study would compare subjects with and without a history of 
nearpoint asthenopia. This may help the primary care practitioner 
pretest those patients who may be prone to undesirable visual 
changes over time if they are using devices of this type frequently. 
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A. Title of project: 
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C. Advisor: 
D. Location: 
E. Date 
1. Description of Project 
APPENDIX A 
Informed Consent Form 
Assessment of Binocular Vision Changes After Playing a Virtual Reality 
Video Game 
Sandy Flammini 357-1155 
Niki Croatt 359-8844 
Scott Cooper, O.D. 357-615 1 ext. 2771 
Pacific University College of Optometry 
Forest Grove, OR 97116 
Pacific University Family Vision Center 
1996 
This research project is desib'lled to determine the changes in the visual system in response to 
playing the Nintendo Virtual Boy video game. Changes in the visual system will be measured by 6 tests 
performed by the principal investigators both before and after 30 minutes of play on the Virtual Boy. 
2. Description ofRisks 
Participants playing the Virtual Boy may experience the following symptoms: dizziness, altered vision, 
eye or muscle twitching, discomfort, fatigue, and soreness of the hands and arms. Persons who 
expelience epileptic seizures when viewing certain kinds of flashing lights or patterns may experience 
seizures while playing Virtual Boy games. Players who have not had any previous seizures may 
nonetheless have an undetected epileptic condition. 
3. Description ofBenefits 
This study will serve to reveal what visual changes, if any, occur with the use of a Virtual Boy game 
system. 
4. Alternatives Advantageous to Subjects 
Not applicable. 
5. Confidentiality ofRecords 
Records of this project will be maintained in a confidential manner and no name-identifiable information 
will be released. 
6. Compensation and medical care 
lf you are injured in this experiment it is possible that you will not receive compensation or medical care 
from Pacific University, the experimenters, or any organization associated with the experiment. All 
responsible care will be used to prevent injury, however_ 
7. Offer to Answer Any Inquiries 
The experimenters will be happy to answer any questions that you may have at any time during the 
course of the study. If you are not satisfied with the answers you receive, please call Dr. James Peterson 
at 357-0442. During your participation in the project you are not a Pacific Universiry clinic patient. All 
questions should be directed to the researchers and/or the faculty advisor who will be solely responsible 
for any treatment (except for an emergency). You will not be receiving complete eye, vision, or health 
care as a result of participation in the project; therefore you will need to maintain your regular program 
of eye, vision, and health care. 
8. Freedom to Withdraw 
You are free to withdraw your consent and to discontinue participation in this project or activity at any 
time without prejudice to you. 
I have read and understand the above. J am 18 years of age or over (or this form is signed for me by my 
parent or guardian). 
Printed name _ __________________________________ _ 
Signed___ _______ ________ __ D&e __________ . _ _ _ _ ___ 
Address __________ ___ _______ Phone _ _____ _ _ _ _____ _ 
City _ _____ ____ _______ _ ___ State/Zip _ ______ ____ _ 
Name and address of a person not living with you who will always know your address. 
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